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BONAR BEL-R~IE IN SUWARUS

i Measurements of Sonar Self-Noise in domes and in hydrophone arrays
in submarines have been carried out over a period of several years. The
results of such trials received in A.U.W. . before the end of 1961 have
been collated and suimarised in this report.

2. The array results (Type 186) are most conveniently gouped as follows.-

(a) .'A' class, modernised.

(b) PORPOIS and OMON classes.

The measurements are presented in tabular form as a comparison of the level
in the noisiest octave in the noisiest half-array with the Admiralty nod
target level. The interference due to machines individually end in groups
is discussed in detail.

3. It has been found that the results in conventional sets in the various
classes of submarine, some with several sub-classes according to stage cof
modernisation, can be reduced to three divisions', namely:-

I "Old, unmodernised submarines" including old IA','S' and IT$ class
vessels.

II Modernised submarines including 'A', IT' class modernised submarines
and IT' conversions.

III PORPOU class.

4. This grouping is based on a natural division according to the levels
of the results themselves apart from any tactical grouping. The measure-
ments have therefore been averaged into these divisions and plotted as
functions of speed, except for the static measurements which are plotted
against frequency. Comparisons between the divisions are presented to show
the reductions in self-noise achieved in later submarines and the differene
between levels in topside and keelside positions. The variation in noise
with operating depth, speed and frequency is discussed in an attempt to
establish the major component of self-noise under various conditions of
operation including the snort condition. Comparison is also made with
results from special trials in R.N. submarines and with submarines of other
Navies, R.N. escorts, and an estimated limiting level of flow noise.

5. An overall suma of the self-noise status f modern R.N. submarines
is given in Figure 11 and discussed in the conclusions below.

CONCLUSIONS

6. In only one submarine so far measured has the Adiralty self-noise
target level for Type 186 operation (namely Sea State I between 300 and
1200 c/s) been achieved in every half-array when underway. This limitation
is primarily due to auxiliary machinery noise; however, even in the absence
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of such machinery noise the flow noise produced by the submarine underway
even at slow speed in often above the target level. PORPOISE and 030N
class vessels are quieter than 'At class and those recently refitted are
the quietest.

7. While continued research and development effort directed to noise
reduction appears to be necessary in order to ensure that all submarines
oan achieve and stay below the Adiralty noise target level (when sea con-
ditions permit) detailed attention to the individual submarines wich were,
at the time of the trial noisier (e.g. H.M. Ships I I, AMIGA and
ORPHEUS) should make it possible to reduce their self-noise level awe
nearly to that of the quieter ones (e.g. H.M. Ship3 PORPOIS, ORON and
ALDERNEY) which achieve the target level wh.n in their quietest condition
(Type 186 Group I, static). It is stressed that these conclusions apply
strictly to measurements in uncorrelated hFlf-arrays and are not necessarily
on absolute measure of the performance of the complete set.

8. For Type 187 Search State (2 kc/s) the Adairalty noise target level is
also Sea State I and both PORPOISE class and modernised submarines fail to
achieve this by a small margin under static conditions. The noise level
when underway increases as the speed is increased above 3 or . knots but
the further reduction of this noise in PORPOISE Class is dependent upon
research into the mechanism of flow noise and its control.

9. For Type 187 snort state (10 kc/s) the noise target level is Sea State
6 and this is achieved in the slow snort cndition by modernised mbmarines
(just) and by PORPOISE Class (easily). The failure to meet the target
under fast snort conditions is due to propeller cavitation and not to
machinery noise.

10. R.N. Sbmarines compare closely with U.S.:7. Submarines as far as self-
noise is concerned.

RECOWSM1ATIONS

11, It is considered that regular self-noise trials should be continued for
the following reasons:-

(a) To monitor the results of the continued work on noise reduction
in submarines.

(b) To check that the best results obtainable in the present state of
knowledge continue to be maintained and extended in the Fleet.

(c) To provide up-to-date information on submarine self-noise for use
in tactical studies and technical assessments.

12. It is suggested that a proportion of production Type 187 transducers
should have full acoustic calibration at A.U.'.L. so that absolute levels
can be attached to recent Type 187 measurements.

13. Vessels for which a Type 187 transducer calibration is available
should be allowed running time in more open and deeper water, independent
of radiated noise measurement, in which to exploit their speed and depth



capability for self-noise measurement.

14. Attention should be given to the self-noise correlation betwen two
halves of the Type 186. Without this the present Type 186 measurements
can give only general guidance.

Blak rover
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15. The aim of this report is to summarise the information obtained from
a number of sonar self-noise measurements carried out as part of the
routine noise trials of submarines. These trials have been conducted by
the Officer-in-Charge, H.M. Establishasont, Loch Goil, originally in
accordance with Reference I and currently Reference 2.

16. A second aim is to provide as much basic information as possible to
those concerned with problems involving self-noise in submarine sonars.
To this end results of trials not strictly mf a routine nature have also
been included. Copies of the original reports which have a limited
distribution are held by S.P.R.L., O.In C. H.M.E., Loch Goil, and
C.S.A.U.W.E. only and as this Technical Note presents a digest of the
information, references to the original reports are not inoludid.

17. Measurements of noise in conventional sonar positions have been carried
out in the following H.N. submarines:-

(a) PORPISE Class (4) PORPISE
RORQUAL
NW-HAL
GRAIPUS* (' actual Type 187 Transducer used)

(b) 'A' Class AL.ACE;
Modernised (6) AMBUSH

A1 RNEY
ARTMIiS
ASTUTE
.AECLAW V topside dome abaft fin)

(c) 'T' Class TURPIN
Conversion (6) TIPTOE

T,3F&OPYLA
TRUNCHEON
TABARD
TACITURN

(d) 'T' Class TAPIR
Modernised (3) TALENT

TILESS

(e) Old IT' Class (1) TACTICIAN

(f) Old 'At Class (2) ACnECK
!LARIC } (; before modernisation)

(g) Old 'S' Class (3) SCITHIAN
SEA SCOUT
SENESCHAL

(h) ,z, Class (2) EXPLER

ZXCALIBUR

(J) Special Trials SCOTSiW (dome development).
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Measurements in Type 186 half arrays are available for the following 'A'
Class Modernisations:-

AURIGA (3 trials)
ARTVUL
AMMON
ALARIC

ALDERNRY

and for four submarines of the PORF013 and the ORON Classcs

OP, !US
WIC PUS
OLT RON
P(lSOISE

Measurements using individual Type 185 hydrophones specially placed in
H.M.S. CACHALOT, one of the P3RPOISE Class, frm which theoretical results
in half-arrays were computed, have also been included for comparison.

EXPEI)MAL TLCHNIQUES

General Procedure

18. The procedures and equipm3nt for routine measurement of self-noise
levels in submarines (as in other vessels) are described fully in Reference
3. In particular, the measurements are normally carried out with a 15-inch
barium titanate hydrophone substituted for the operational sonar transducer
(or transducers) normally fitted in the boat. The advantag3 of this (apart
from accurate koiowledge of transducer calibration) is that measurements can
be taken at frequencies distributed through the full sonar spectrum and not
merely at the frequencies of the set or sets which happen to be fitted in
the boat at the time of the trial. Thus measurements of self-noise in a
I kc/s bandwidth centred on 1, 2.5, 5 and 10 kc/s are normally taken in all
the standard sonar positions in the boat, and then are reducea to equivalent
omnidirectional self-noise spectrum levels by the standard bandwidth cor-
rection and directivity corrections as in Table 1.

19. This procedure cannot be retained for measurements with Type 187 nor
for the Type 186 array, since neither type of transducer can readily be
removed. While the frequency range of measurements is more restrict6d if
the special transducer cannot bc used, in two respeczs replacing the Type
187 transducer would be undesirable. One is that the old type transducer
and training shaft, not being designed for use at low frequencies, are more
suscoptable than is the Type 187 equipment to mechanically-conducted noise.
The other is that the highly directivw Type 187 transducer discriminates
more strongly against noise sources off its acoustic axis, ego. rattles in
the casing, than does the 15-inch t-ansducer, and by more than tho differ-
ence in the correction for the two dircotivity indices. Both of these
circumstances could result in a pessimistic value for the self-noise level.
For Types 186 and 187, mea.surements therefore are made with tho operational
transducer in situ. However, for purpscs of comparison, the r-sultant
figures have ben reduced to equivalent omialrectional spectrum level,
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using factors as given in Table 2 for Type 187 and Table 3 for Type 186.

20. For Type 187 rusults are given in this report only for oases in which
the transducer calibration was known from A.U.W.L. measurements available.
Thus a number of more recent trials have had to be ignored. For the
Type 186 transducers, a general sensitivity figure of 10 microvolts per
microbar for individual olemunts has been accepted. This figure has been
quadrupled for the arrangement of four hydrophones in series and doubled
again for the baffle effect of the pressure hull as sugestod in Reference
4. Subsequent corrections for bandwidth (25 and 28 dB) and directivity
(-12 and -15 dB) bring the overall conversion faotor to 51 dB for both
channels. In order to compare the results in this report with Type 186
measurements which may appear later, and only as levels in dB Reference 1
microvolt, 51 dB should be subtracted from the microvolt level to convert
it to equivalent omnidirectional spectrum level of pressure. I+ is
stressed that these measurements take no account of the correlation between
half-arrays.

Electronic Background Noiae

21. Present day sonars such as Type 186, 187 etc., were designed for use
in a submarine as a silent listening platform and for this purpose very
slow speed of advance and the running of only a very few items of
auxiliary machinery were acceptable in order to attain the Admiralty Noise
Target Level of approximately Sea State I - Knudsen curves (Reference 8).
If conditions prevailing at the time of the trial should be considerably
rougher than Sea State 1, it would not be possible to determine whether
the submarine would meet the targt under calmer conditions. This is
inevitable. However, one of the limitations of making measurements of
noise with a broadly-resonant transducer is that its sensitivity at any
one frequency is much less than that of a sharply resonant transducer on
resonance and the level of electronic bakoground noise is relatively much
higher. With the 15-inch transducerta use for the conventional sonar
positions and the present matching arrmgment (matched at 10 kc/s) the
equipment background noise is approximately equivalent to Sua State 2 at
10 kc/s, though rather lower at the lower frequencies. Some of the earlier
trials were carried out using a transformer matching at a lower frequency
with a result that background levls at I and 2.5 kc/s are below Sea State
I but the level at 10 kc/s is even higher (around Sea State 4). It is
thus never possible with this experimental equipment to state the exact
level of sonar interference if this is below Sea State 2. Calculations
based on the sensitivity of the transducer and the measured background
noise in the amplifier (which approaches theoretical thermal noise)
suggest that it should, in fact, just be possible to obtain Sea State I
equivalent but this has not been realised in practice, possibly owing to
a certain amount of residual electrical pick-up. In all the relevant
plots actual measured levels are quoted, uncorrected for this background
which has therefore been sketched in, in the plots. This enables the reader
to make his own estimate of the true level and also of the probable accuracy
of any correction.

22. Two or three recent measurements have been made using actual Type 187
transducers. For some of these units acoustic calibrations are available
in A.U.W.E. and calculations suggest that an acoustic background of Sea
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State i should be easily measurable above equipment noise. In neither of
the two vessels where the noise levels in Type 187 could be converted to
absolute acoustic levels did this minimum measured level in fact turn out
to be appreciably below Sea State 2 or the best measured with a 15-inch
diameter transducer. However, as the background noise in Loch Goil is often
not below Sea State I to 2 even when conditions appear calmer it is not
clear whether this background in Type 187 is due to ambient sea noise or to
miniaum auxiliary machinery. Measurements .n H.M. S8.7TMMOPLhE during the
development of Type 187 have shown that levls at least down to Sea State I
can be obtained by the set.

23. As regard Type 186, no difficulty hao been experienced with electronic
background noise interfering up to the Adm1iralty Noise Target Level of
sea State 1.

Mectrical Interference

24. Some of the early measurements in this series of trials where parts of
the Type 138 or 129 installations were used were completely invalidated by
electrical interference in the submarine. Te original technique was to
take measurements from the Sound Room where the transducer cable could
easily be tapped, and training of thebydrephone was most convenient. It
was readily apparent in some vessels that certain machines produced undue
interference, and replacement of the transducer by a dumy one proved this
interference to be electrical. The low sensitivity of the spccial trans-
ducer increased the ratio of electrical to acoustic signal and listening
in an untuned audio band made the effect even more noticeable. 3-ile
encountering this difficulty was salutary from the service point-of-view
in that it spotlighted a growing problem in submarines at the time, and
resulted in the institution of an electrical interference trial of sub-
marine sonar, the original purpose of the self-noise trial was purely
acoustic. It was therefore decided that any subsequent electrical inter-
ference problems would be as far as possible avoided by working close to
the sonar hydrophone position, and independontly of cable runs fitted in
the boat. This has the additional advantage of reducing capacitive
"padding" of the transducer which lowers the effective sensitivity and
relatively increases the electronic background noise. This has since been
done, but is not, of course, possible, nor necessary for Type 187 itself
where the signal cable has been designed to run outboard in the casing and
to be of low impedance to -inise electrical interference at the outset.

25. At the beginning of the changeover in the fleet to Type 187 an attempt
was made in one or two vessels at direct comparison between 15-inch and
5-foot transducers by mounting the smc-ler one behind the larger, pick-a-
back fashion. This necessitated running a cable aft in the casing to a
suitable socket such as the "N.U.C." light in the fin. Thilst this could
be done without great difficulty and the restriction on continuous training
accepted for a brief trial, the extent of electricel pick-up in the com-
peratively short but unscreenad down lead from the fin to the first point
where it could be tapped inside the sumarine resulted in no real omnpari-
sons being obtained between the two measurements. It may be possible to
obtain a useful estimate of the sensitivity of unclibrated Type 187
transducers by this uethod if a screenc.d lead can be provided to an external
watertight socket (the Type 167 monitor lead could perhaps be used for this



purpose) but for the time being these pick-a-back trials have been dis-
continued.

26. Severe electrical interference was experienced in Type 187 on one or
two occasions when the 400 c/s motor-generator was run and also from some
other machines, depending on the cable routeing in individual submarines.
As none of these machines was essential to Type 186 search state, the
simplest solution has been to switch them off.

EXPERITaI IRSULTS

Type 186 Arrays

27. When considering self-noise levels in relation to Type 186 the pro-
oedure has been to compare the adjusted noise levels in each half-rray
(as calculated in paragraph 17) with the Knudsen curve for Sea State 1,
which approximates to the Admiralty Noise Target Level for Type 186
operation. The amount by which the adjusted level in the noisiest octave
exceeds the Knudsen curve for Sea State I is taken as the oAterlon of
noisiness, whether of an individual machine or group of machines, or of the
submarine as a whole while underway. The bulk of the noise measurements
for Type 186 consist of static trials of individual machines. There are,
in general, eight measurements on each machine; that is, measurements on
each half-array at each of the two frequencies - 450 and 900 c/s (arith-
metic mean frequencies of octaves). The amount by which the noisiest
octave exceeds the Knudsen curve for Sea State I is set out for each
machine in each submarine in Table 4 for '' Class and in Table 6 for '01
Class. Included in Table 4 are measurements carried out in H.M.S. AURIGA
by the Project Team and published as ;ppendix A to Reference 4,, and
corresponding figures derived from measurements by S.A.R.L. (Reference 5)e

28. Comparison of the three measure.nts in H.M.S. AURIGA taken at differert
tines by different staffs show, in the main, rr-asonable agreement. Saee
machines such as Telemotor pumps and the ballast pump seem to show steady
increase in noise with time while others have either had attention betwen
trials or are the subjects of slight anomalies, for example, the mid-line
circulator which was quieter in later trials. The agreement is# however,
not really any closer than between the different submarines of the seas
class.

29. Some tentative results in H.M.S. CACHALOT based on the correction of
measurements in single hydrophones to probable half-array responses are
included in Table 6 for comparison. T1ey are based on Reference 6.

30. The overall acoustic status of submarines in relation to Type 186
operation is suumarisod in Table 5 for the six 'A' Class submarines, and in
Table 7 for the four '0' and 'P' Class submarines (and H.N.S. CACMJUIT).
Considering Table 5 ('A' Class) in detail, the first row of figures in the
level due to absolute minimum auxiliary machinery, run as a group, as
measured during the static part of the trial. The second row is the
measurement with the same group of machines running whcn underway. The
third row )f figures gives the flow con-ribution of the submarine underway,
estimated from a comparison of rows 1 and 2. The fourth row is a cal-
culation of mrohinery noise bascd on static measurements, adding to the
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minimum level of row I the noise of further machines which would be
essential to the submarine in a search over a reasonable period of time.
The fifth row is a final estimate of a realistic Type 186 search state
underway based on the addition of the flow contribution to the revised
list of required machinery.

31. Table 7 (10' and 'P' Class) gives the noise level produced by two
states of machinery operation, first under static conditions and second
underway. The figures for H.M.S. CACHALOT and all the figures under the
hoading "Group II (Underway)" are estimates based on combinations of
measurements, as direct measurement was not made at the time of the trial.

32. A rough check has been provided of the acoustic calibration of the
Type 186 arrays by simultaneous measurements of both background noise and
of flow noise in the Type 186 transducer and an A.R.L. Type I bydrophone,
In only one of the six measurements does the average difference (without
account of sign) between the Type 186 and thu Type I measurement ex3eed
3 dB, though individual channels differ by as much as 10 dB.

33. The "Underway" figures from Tables 5 and 7 are plotted for machinery
"States" I and 2 3n Figure 11 as part of a summary of the Acoustic Status
of the Modern Submarine.

Conventional Sonar Positions

34. The long list of submarines in which some measurements have been
carried out would suggest that a narmal statistical approach should be
possible. However, because of the weather and other conditions, vessels
often fail to complete a full progreane of self-noise runs; moreover,
as a result of changes in standard operating depths over a period of
several years, the number of measurements availablo for any particular con-
dition of depth, speed, and frequency is considerably less than the total
number of vessels in the class which have been made available for trials.
The method of averaging has therefore been graphical. Taking the sub-
marines class by class, a mean curve has been derived for noise level
against frequency for each machinery group in the case of the static trial#
and against speed for each frequency and operating depth in the case of
underway runs. These class average curves have then been compared and fal
very reasonably into three natural submarino divisions. These are:-

(a) Old submarines - 'At, '', IT' Classes (unmodurniscd).

(b) Modernised submarines - 'At modornised, IT' conversions and IT'
modernised classes.

(c) New submarines - POPOISE, Class.

Weighted mean curves have therefore been produced for each of these three
divisions.

35. The group machinry noise for each of those divisions is plotted as a
function of frequency in Figure 1 for both topside and I.elside transducer
positions. The appropriate target levels and also the limiting background
level in the equipment are shown as shaded areas. The measuremonts have not
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been corrected for background noise, neither sea state nor electronic.
If the sea state noise is too high (Sea State 2) the static trial is post-
poned or abandoned. With the exception of the Group 4 runs, which are under
the snorting condition, all these measurements were carried out at approxi-
matoly 100 feet keel depth. The machinery groups are the conventional ones
specified by Flag Officer Submarines in Reference 7.

36. One class of submarine stands apart, vis the '' Class. The self-
noise measured on the astern bearing at 4 kc/s in H.M.S. ZXPLONER (topside
set only fitted) is given especially in Figure 2b. A careful analysis of
the noise versus sequence of event has been made in this submarine (see
paragraph 121 ) in an attempt to isolate the causes of the high self (and
radiated) noise levels in this class of vessel.

37. In Figures 3, 4 and 5 self-noise in underway runs is plottel as a
function of speed, comparing different operating depths for each submarine
division in both topside (forward) and keelside positions. In constructing
these curves a certain amount of discretion has been used in ignoring
certain results clearly due to abnormal circumstances, as for instance,
when severe casing rattles were complained of in the text of the original
report. Even so certain slight anomalies appear in the three figures,
largely due to the fact that the class saples tend to be both mll and
changing. These plots of self-noise against speed at constant frequency fW
the divisions form the basic information from which the plots and comparisom
discussed later are obtained.

38. Figures 6 and 7 are comparisons, for topside and keelside positions
respectively, of the noise of the different submarine divisions. The
"deep" curves are obtained by taking a mean lower level of the quieter
running depths; the underway snorting runs (where these are available)
have been added. Admiralty Noise Target Levels of Sea State I for "deep",
and Sea State 6 for "snort" conditions have been included.

39. In Figure 8 all the information of Figures 3, 4 and 5 is replotted
in families of curves of constant frequency and depth to give a comparison
of levels in topside and keelside positions.

40. Figure 9 compares, for topside position and 300 feet depth only,
PORPOISE Class submarines with two experimental submarines, vis
H.M.S. SCOTS11AN with a small (A/S 59) 61ass-fibre dome end H.M.S. EXPLODER
with a streamlined steel dome.

41. Figure 10 compares PORPOIS Class with U.S. submarines, and also with
average R.N. escort vessels. At the same time it gives an indiotion of the
lowest levels of self-noise that have been achieved in surface ships and
submarines, levels of noise which can be attributed with some confidence to
the basic flow noise. Because of the different ranges of frequencies at
which all these measurements were made 5 kc/s has been found to be the only
frequency at which they can all be compared.

An OiDerational Summary

42. Figure 11 consists of a summary of the Acoustic Status of the Modern
Submarine. The first plot gives the position for Type 186, the second for
a Topside Set, e.g. Type 187 searching at 2j kc/s when deep on motors, the
third for a topside set keeping watch at 10 kc/s when charging batteries.



DISCUSSION OF RESULTS OR SONAR TYPE 186

Self-Noise Target Level

43. In this report the Admiralty Noise Target Level for Type 186 operation
has invariably been used. This closely approximates to Sea State 1. This
target level would be taken to mean the target level of noise for the sub-
marine as a whole in its status as a silent, but none the less fully
operational, platform. This causes a difficulty in discussion of the noise
level of individual machines since if it is required to reach the Admiralty
Target Level of Sea State 1,with a certain essential group of machines of
similar noise level runing then very possibly individual machines in the
group must needs have a noise level significantly below the Sea State I
figures. S.A.R.L. has suggested (Reference 5) that the target for individul
machines should be the Admiralty Target Level for the boat less 5 dB. This
matter is still the subject of general consideration and for this reason the
noise levels of individual machines, and also the noise levels for the boat
with specified groups of machines running, have all been quoted (e.g. in
Tables 4 and 6 and Tables 5 and 7) as relative to Sea State 1.

44. It may be noted that in some of the original reports issued by
8.A.R.L. (References 5 and 6) noise levels for individual machines have been
related to a I argebr level of 8.8.2 less 5 dB. As a result figures in this
report and in S.A.R.L. reports will be seen to differ by 1 dB (812 - SSI+6al).

Machinery Noise in 'a' Class Submarines

(a) Essentiel machines

45. 230 olt A/C MXn j: While both 230-volt alternators hae not been
measured in every submarine, at least one has been run in each vessel and
only the No. 2 machine in H... ARTFUL required any reduction (about 8 dB
in the 600 to 1200 c/s channel). It is not thought that these machines will
be a general problem, but se attention m be required to individual ones
from time to time to avoid interference in Sea State 1.

46. Goa.r: Those in H.M.S. MPHION, H.1.S. ALARIC and
H M.3, Awere acceptable. Those in H.M.S. ARTFUL, H,M.3. AURIGA
and H.M.S. ASTRM required some noise reduction to meet the target in the
high-frequency channel.

47. L.P. Ggir~tors: While those in H.M.8. AMPHION, H.8.S. A fRIGA,
HS.. ALARIC and 8.1.S. ALISRMtU were satisfactory, those in H.M.8. ARTFUL
and H.M.8. ABTWT required soew reduction.

48. SManotor Co" ans: No interference was experienced from any of
these when run at slow speed in any of the six submarines, though only the
starboard one was run in the case of H.M.S. ARTFUL.

49. One W Notor at 110 or 120 rEv/ n (not underw : Some interference
was experienced In H.M.8. AR7 an also, on one of the occasions, in
H.1.S. AURIGA. In this respect conclusion (o) of Reference 4 (that one an
motor can be run at 110 rev/ai without interference in Typo 186) has not
been maintained. No difficulty has been experienced, however, in recent
trials.
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50. Hydrogen Clearance Fans: When all these were run, overall reductions
of 10 dB (H.M.S. AMPHION) to 20 dB (H.M.S. ARTFUL) were required. This
was due to one or two fans only, and others could be run without inter-
ference. By careful selection two or three can usually be used with only
4 or 5 dB interference.

51 . After-Services Circulators: These mostly appeared to require about
15 dB reduction, though in the port unit in H.M.S. ARTFUL nearer 30 dB
was required. In the two most recent trials it was possible to select a
circulator requiring less than 10 dB noise reduction.

52. Telemeter Pumps: Numbers I and 2 IM pumps are invariably excessively
noisy, reductions of from 13 to over 30 dB being re quir~do In vessels in
which a No. 3 IM0 was run only 2 or 3 dB reduction (H.°S. AMPHION and
H.M.S. ASTUTE) or even none (H.M.S. ALARIC) was required in this pump.

(b) Machines which must be run at least intermittent

53. Trim Pump: These were all noisy and reductions ranging from upwards
of 10 dB in H.M.S. AURIGA to 24 dB in H.M.S. ARTFUL were required.

54. Ballast Pump: In three 'At Class vessels measurements showed a con-
sistent 25 dB reduction to be required. Earlier measurements in
H.M.S. AURIGA suggested that the necessay reduction was less then this.
No measurement was made on this mr.chine in the last three trials.

55. Refrigrators: These caused interference in all six submarines. The
required reductions range from 4 dB in the most recent trial

(H.M.S. ALIERNEY) to around 20 d3 in the early trials.

(c) Additional Machines

56. Ship's Ventilation Fans: Reductions of the order of 10 dB appeared
to be necessary even with the fans running only at slow speed.

57. Battery Ventilation F-ns: The effect of running these was measured
in only two vessels, H.M.S. AMPHION and H.H.S. ASTU79, and reductions of
the order of 10 dB were found to be necessary.

58. Air Conditioning Plant: These were very noisy in r1 six vessels;
roduotionc of from 13 to 30 dB being required.

59. stillers: The 5-gallon unit required nbout 20 dB reduction in the
three vessels in which it was measured, while the 15-allon unit was
quieter (15 dB too noisy), except in H.M.S. AURIGA where the figur was
nearer 30 dB.

60, CO& Absorption Units: These have only been run in the four most
reconz TrTls wnen no reauction in noise was required.

61o Reducers: These were run in H.Y.S. AMPHION, H.M.3. EURIGA and
H.LS. ALARIC and no reduction was required.

62. Sub-Pressure EMR&: These were run in H.M.S. AMfMION, H.M.S. ALARIC
and H.M.S. JST and 10 to 25 dB reduction was required.
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63@ Bound Room Pans: The sound room table fan was run in H.L8. ALARIC
and 3 dB reduction was required. The Vent Axia, however, required no
reduction.

64@ 400 o/s Motor-Generator: This machine was run in H.MUS. ASTUTE and no
reduction was found to be required.

65. Auxiliary Trim Pump: This puap was run only in H.M.S. TDNEY when
43 dB reduction was found to be required.

M.achinery Noise in 101 and I.P' Class Submarines

(a) "Group I" Machines

66. 115 Volt A.C. Machines: No significant noise was experienced in any
115 volt motor-generator except in the No. 2 machine in H.US. ORPMUS,

67. Gyros: Those in all vessels except H.M.S. ORPHEUS were acceptable but
that in H.M.S. ORPHEUS appeared to require some 8 dB reduction and this on
the wheel itself rather than the motor-generator.

68. L.P. Generators: These appeared to be satisfactory in all vessels.

69. Hydroxen Clearance Fans: All vessels had at least one fan on which
same noise reduction was required but H.M.S. 'WALRUS and HNMS. PORPOISE
(and probably H.M.S. CACHALOT) could run most fans with little or no
interference. In H.M.S. ORPHEUS and H.M.S. OHBRON about 10 dB reduction
w a required.

70. Main Motor CoolinK Fans: As in 'A'Class these were run without causing
noise interference,

71. Hoverin Gear: This has ben run separately only in H.M.S. ORPHEUS and
H,. S. OWiON, With the actuator pump only running little or no reduction
was required, but under the pumping condition (not specified for Type 186
operation) up to 15 dB reduction was required.

72, A.R.L. notting Table: Again this wrs run separately only in
H.,,S. 0RPIZU3 and a marginal reduction (3 dB) appeared to be required.

73. Wardrooj Rord never (one Sets): This was run in H.M.S. ORHEU8
only and with ngligble interference.

74. Atter-Servres QIE_ ors: In vcssels where these were run separately
(HMS. OaBON" H.N,8, ORPO and H.M.S. CACKALOT) no reduction was
required and as HM.S. WALRUS only required . small reduction with all
Group I machines ruming it is unlikely that the circulators require much
noise reduction in this vessel either* This represents a considerable
improvment on the state of affairs in 'At Class where 15 dB reduction was
required on most units.
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(b) Group II Machines

75. "Vent Axia"Fans: These fans in the E.M.R. and wardroom were run in
H.M.S. OREUS ony and only a marginal reduction, if any, was required.

76. Sound Room Pan: This was run in H.M.S. ORPHEUS, H.M.S. WALRUS end
H.M.S. PORPOISE but only that in H.M.S. ORPHEUS required any reduction.

77. Main Refrigertor: Measurements in H.M.S. CACHALOT suggested that
moderate redutions(8 dB) might be required. In H.M.S. WALRUS,
H,M.S. OH RN and H.M.S. PORPOISE no reduction was required and in
H.M.S. ORPHEUS little or none. A great improvement on 'At Class.

78. Domestic Refrigerator: This was acceptable, where run.

79e 400 c/s 205V Machines: These were run in H.M.S. ORPHEUS, H.M.S. WALRUS
and H.M.S. PORPOISE and no reduction was required.

80. .T.M.C.8: This was run separately in H.M.S. ORPHEUS only, but no
reduction was required.

(c) Additional Hachines

81. Steering: This was run separately in H.M.S. 0RIZEUS only, *hen 6 dB
reduotionwas found to be necessary.

82. Telemeter Pumps: As in 'a Class Nos. I and 2 IMO Pumps were noisy;
up to 20 dB reduction being required. The McTagart-Scott Pumps in
H.M.S. CACHALOT and H.M.S. PCRPOISE wore calculated to require 14 dB
reduction and the N.E.R.L. pump in H.M.S. ORPHEUS was no quieter. The
N.E.R.L. pump in H.M.S. WALRUS, however, was noted as being fitted with
flexible piping and this pump was 10 dB quieter than the otherwise similar
pump in H.M.S. ORPHEUS. If this is general in subsequent members of the
class only 4 dB further reduction will be required. No. 3 IMO in
H.M.S. 0PRRON required no noise reduction, again similar to 'A' Class.

83. C.P. Generators: About 12 dB reduction was required in both units
in H.M.S. ORPIMUS but none in H.M.S. OBRON or H.M.S. PORPOISE. No
measurements were made in the otber two vessels. These generators are
included as Group I machines in the H.M.S. OERON and H.M.S. POR OISE
reports, but as they are quiet in thcso vessels it does not confuse the
issue.

84 Wardroom Heater: This required little or no reduction in the only
submarine in itich it was neasured.

85. 10 x 6 inch and 10 x 3 inch Ventilation Fans: Each of those in
H.L.S. ORPHEUS required up to 6 dB reduction but was acceptable in
H.M.S. WALRUS, H.M.S. OBERON and H.M.S. PORPOISE; measurements in
H.M.S. CACHALOT auggestcd need for about 10 dB reduction. 10 x 3 inch
radar and galley ox.hust fans wore run in H.M.S. PORPOISE and no reduction
was required.
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86. Ajr Conditioning Plants: bout 6 dB reduction was required in
H.M.S. ORPHEUS and in one of the units in H.M.S. OZRON, but none in
H.MS. WALRUS or H.M.S. PORPOIS.S A marginal reduction was required in
HI.MS. CACHALOT.

87. 100 kW Generators: No reduction was required in H.H.S. ALRUS, the
only vessel in which measurement was made.

88. T~rmPumnp. This was measured in H.U.S. CACHALOT when 14 dB reduction
appeared to be required. In H.M.S. PORPOISE only 4 dB was required, and
that only when pumping from forward to aft.

89. Ballast Pump: Measurement has been made only in H.M.S. CACHALOT when
10 dB educton was required.

90. Both Sub-pressure FumDs. Distillers and CO Absorntion UnAts wre run
in both H.M.S. OERON and H.U.S. PORPOISE (only) and no reduction was
required.

91. 500 o/s Motor-Generators: These were run in H.M.S. PORPOISE only,
but no reduction was required.

92. 180V Machines: These were run in H.M.S. OBERON only and no reduction
was required.

93. Battery Cooling Pumj: These required 16 dB reduction in
H.M.S. PORPOISE and about 6 dB in H°M°S. OEMN. No others were run.

94. Acid titation: This required 3 dB reduction in H.M.S. PORPOISE but
none in H.M.S. OBERON. No others were run.

05. Battery Ventilation Fans: These were run in H.M.S. OBMON and
H.M.S. PORPOISE when up to 16 dB reduction was required, according to which
fan was run and to whether it was run in the "slow" or "group up" condition.

96. Lubricating Oil Piming Pump: This was run only in H.M.S. PORPOISE
and no reduction was required.

97. G uning Gear: This was run only in H.M.S. PORPOIS3 and while
the starboard gear was quiet, 4. dB reduction was required on the port gear.

98. Crypto Machine: This was run 'nly in H.M.S. PORPOISE and no reduction
was required.

TMpe 186 Search State

99. During the trials, practice has varied in what was deemed essential
machinery for Type 186 operation, not only between 'A' and '0' Classes,
but even within the same class of vessel. For this reason, the two classes
will, in the first place, be considered separately. Clearly, the oomp ison
between two vessels in the same class would not be a fair one if a parti-
cularly noisy machine were omitted from the list of machines required in one
particular vessel. In overcoming this second difficulty let us first con-
sider the 'A' class trials.
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100. The following five machines were invariably* run in the search states

One 230V &.c. machine
Gyro Motor-Generator
L.P, generator
One main motor cooling fan (at slow speed)
One main motor (120 rev/min - 2 to 3 knots)

101. In addition the following three machines will be essential for periods
of more than a few minutes listening:-

at least one hydrogen clearance fan
one after-servme circulator
one telemotr pump

All those eight items have been termed in this report "Essental ,16chines"
and comprise list (a) for 'A' class.

102. The noise outputs for "Type 186 Search State" and "Total Type 186
Maohinery" from the original 'At class reports have therefore been amended
to include all eight machines in each case. These are the "Revised" Type
186 levels in Table 5. This also agrees with the gouping suggested in the
report of the trials in H.M.S. CACHALOT (Reference 6). The use of the other
machines such as the ballast and ti pumps and the main refrigerator would
clearly be desirable from the operating point of view, at least at
intervals, but it is intended to be fairly ruthless at this stage so they
have been excluded. These three items form list (b) of "Machines which
must be run at least intermittently". There are no measurements of list
(b) machines as a group or of lists (a) and (b) together. Other machines
which are not necessary in Type 186 search, but the effect of which on
Type 186 self-noise has been meesured, form list (a) - "Additional
Machines".

103. Turning to the '0' and IpI classes, hich include the provisional
measurements in H.M.S. CACHALOT, the machines were grouped at the SE of
the trial as those mhioh form an absolute minimum necessary to operate the
submarine, and additional machines which are necessary for a normal Type
186 Search State. Usage has come to call these "Type 186 Group I" and
Type 186 Group II" respectively, but they must not be confused with the
Groups 1,, 2, 3 and 4 of auxiliary machinery alloocted whan dealing with
conventional sets. This usage is deplored, but to avoid confusion in this
report the Type 186 machinery groups are printed with Roman figures, and
the groups for conventional sets with Arabic numerals.

In the trial most recently conducted (H.M.S. ALIEREY) even the main
motor and main motor cooling fan were omitted from this goup (static)
but as neither was noisy the results are not affected by this
simplification.
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one 115V a.c. machine
Gyro
L.P. generator
one main motor oooling fan
Hovering gear (actuator pump only -

Type 186 boat at virtually sero speed)
"Group I" A,..L. plotting table
to and Ptt Wardroom record-player on phone sets
Classes or one after services circulator

(practice varied)
All )Wdrogen clearance fans (not spares)

All "Vent Axia* fans
all table fans

"Gru ~ V main refrigerator and ool room fan
(add) domestic refrigerator

71-inch exhaust sound room fan
400 c/s 205V motor-generator
AoT.M.C.8

105. Comparing these two lists with the two previously given for 'A' class,
it will be seen that all the machines in the full "(a)" list for 'At class
are included in "Group I" for '0' and 'P' Classes except the requirement
for a telemotor pump which does not appear in either list for '0' Class.
The addition of "Group II" machines in '0' Class represents lose stringent
living conditions than the full (a) list in 'At Class where, for example.
the refrigerator is excluded. Although even among 11 Class, practice
varied, this did not normally involve the inclusion or omission of noisy
machines.

106. Considering the summary table for 'A' Class (Table 5) it will be
seen that there is a gradual improvement in noise level with the passage of
time which is undoubtedly due to progressive application of experience in
noise-reduction work. Thus the total underwry noise level has dropped from
22 dB in the third H.M.S. AMIGA trial in 1959 to 13 dB in the H.M.S. ASTUI3
trial in 1 96 1 , an improvement of 9 dB. Unfortunately, no underway reults
are available for the most recent trial, (H..S. ALM2KR=M), but on this
occasion, for the first time. no reduction was estimated to be required in
the noise level due to the minimm group of machinery uhen run under statio
conditions.

107. In the summary for 1'0 and '' Classes (Table 7) an even greater
improvement can be seen and within a shorter time (that is if one ignore
the H..S. CACHALOT results which were estimates based on single hydrophone
measurements). There is a fall in noise level from 20 dB in H.M.S. ORNMUS
reported in January 1961 to only I dB in HMS. FORPCIS in September 1961.
Both H.M.S. PORPOISE and H.M.S. 0MROII require no roduction under Group I,
static conditions. Of the total n~ise, not only the machinery noise con-
tribution, but also the flow noise contribution in the Type 186 Search State
appears to have been reduced in vessels more recently available for trials;
and this applies to 'IA', '0' and t P Class boats equally. The improvement
rangos from a 15 dB reduction necessary in H.M.S. ARTFUL and H.M.S. OR EUS
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to 0 dB in the most recent - in which underway trials were carried out -
H.M.S. PORPOISB.. While it may not now be necessary to keep the submarine
underway in order to carry out a search with Type 186, to be able to search
when underway without incurring an additional self-noise penalty clearly
increases the operational flexibility of the vessel.

108. The speed at which the vessel may proceed without curtailing deteotion
range is thought to be of the order of 5 knots for the most modern vessels.

109. There is no information on the dependence of self-noise with depth

for Type 186, though no dependence would be expected.

Com son of Freaueno Channels

110. From the average noise levels in the Type 186 half-arrays (which are
not published here), the background in three 'A' Class submarines with the
aLsolute minimum of auxiliaries running is 2 dB above Sea State 1 in both
octaves (300 to 600 and 600 to 1200 c/s). Underway, this becomes 7 and 6
dB in low and high-frequency channels respectively. The implication of
this is that the general background noise in Type 186, except when parti-
eular machines with very strong discrete frequencies are present, has a
similar spectral distribution to sea state noise i.e. -5 or -6 dB per
octave.

111, When machinery is the dominant contributor to noise in Type 186
arrays, it soetimes happens that the contribution in the lower octave
(300 to 600 c/s) is consistentay more significant than in the higher octave
(600 to 1200 c/s) (e.g. H.M.S. AURIGA - reference 5). Broadly speaking,
this tends to be the general rule. At the same tine the general survey
of this report indicates that it is not necessarily true; there are
frequent examples in which machinery noise as a whole, or the noise of
individual members is of grcater significance in the higher octave. It
follows that it is not enough to base requirements for maximum reduction on
machines simply on measuremcnts in the L.P. octave only.

Com aispn with U.S. Results

112. Pvailable comparison with rosults in submarines of other Navies is
4 rather sparee. Some arly measurements in U.S.S. BAY). (Rffernce 9) taken

on the 50-clement "LORAD" receiving system at 700 c/s gave the minimum
level in individual hydrophones under "patrol quiet" and "ultra quiet" con-
ditions at around Sea State 2 (the maximum was in excess of Sea State 6),
levels comparable with those recorded in single hydrophones in
HMS. ACHERON (Reference 10). In the array, allowing 17 dB for directivity
effect, a level between Sea State 3 and Sea State 6 has reported. As this
is 10 to 15 dB above Sea State I it compares with Type 186 in the early 'At
Class and is some 10 to 15 dB noisier then the most recent 'A' and '0'
boats.

113. Measurements on a single hydrophon in the superstructure space at
frame 58 in U.S.S. NAUTILUS under "Roactor Creep" conditions are never
below So State 6 oven with the feed pump, a noisy machine, secured. "tith
the full "Ultra quiet" machinery running, the levels are at least 10 dB
higher still at Type 186 frequencies (Reference t1).
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DISCUSSION OF RENSTS POR CONVENTION)L SONAR POSITIONS

Mlaciner Noise - General

114, In addition to radiated noise and sonar interference in Type 186
half-arrays (where fitted) measurement was usually made, during the static
trial, of machinery noise interference in both topside (Types 168, 138, and
occasionally 187) and keelside (Type 169 and 129) positions. During the
earlier trials measurements were often made of niise from individual
machines, but only the average in the different submarine divisions of
'Group' machinery noise is included in this report (Figure 1). In recent
trials measurement on individual machines in conventional sonar positions
has been omitted altogether because of the time involved in measuring the
individual contribution of the large number of machines fitted in modern
submarines. This is one of the sacrifices which had to be made to keep the
time taken by the complete noise trials of a modern submarine within the
5 days allocated, and it has proved to be justified for the following
reasons:-

(a) Speaking generally, machinery noise is not too serious a problem
in conventional sonar positions.

(b) Anymachine which oruses interference in a conventional sonar is
normally even more noticeable in radiated noise or in Type 186
self-noise, and attention is therefore drawn to it in any case.
Although measurements have been made (both static and underway)
of noise in the keelside positions over the whole frequency
rang 1 to 10 kc/s as for the topside position, this is largely
for comparative purposes as it is unlikely that a set operating
at frequencies below 10 kc/s would ever be used in this precise
position. At this frequency the noise level due to machinery in
a modern submarine either approaches the target closely or is
affected by background noise in the equipment, so that, again,
auxiliazy machinery does not appear to be a serious problem, and
any machine causing interference in Types 129, 169, or 719 would
be expected to be a serious problem from other noise aspects.

415. On exaination of the plots of group machinery noise against frequency
in Figure I several points are readily apparent. One is thr.t with Group I
or II machinery running the noise levels at 5 and 10 kc/s (and occasionally
even at * kc/s in a quiet submarine are limited by background noise in the
measuring equipment. This can be true at 10 kc/s even with Group 4
machinery running. A second point is that the Group I machinery target
level is approached very closely by modern submarines at 2* kc/s (and pre-
sumably at frequencies above this, too, if the background had been low
enough to allow this to be checked). Groups 2 and 3 require possibly 6 dB
reduction to achieve their targets, while with Group A machinery running,
under which conditions the target is relaxed to Sea State 6, ad the
frequency of interest is 10 kc/s, the target is achieved for the PORPOISE
Class and almost achieved by modernised submarines. (Snorting runs under-
way ar slightly quieter.)
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116. The curves for old submarines are not of great interest except,
perhaps, to indicate what progress has been made in the resilient mountinsp
and noise reduction of submarine machinery. In making this comparison a

*further point, which is indicated in the key, must be berne in mind. It
is that the practice on the very early trials was to train both hydrophones
astern during the static trial to give the madmum chance of detecting, as
wasthought, individual machines. When comparing group machinery noise
with a target level it is probably fairer to train the hydrophon on an
.oerational bearing, and this has since been done. For this reason the
"Old submarine" measurements topside are, no doubt, pessimistic and the
keelaide ones probably optimistic as the astern bearing of the normal keel-
side set (Type 129/169) is blanketted by the keel.

Individual Machines

117. Occasionally, individual machines are noted in reports as causing
excessive noise in a conventional sonar position. In the case of
H.M.S. RORQUAL five such items were mentioned. Thus 'bangs' occurred at
the end of each hydroplane movement. Four items in the torpedo control
gear caused excessive noise. Except in the topside position at 10 ko/s,
the G.A.P.S.V'a gave rise to levels 10 dB above all other Group 3
mochinery when measured in either position and at any froqueny and upwards
of 20 d3 noiser in the keolsido position at frequencies of 5 ko/s and
below. D.P.S.U.'s, Torpedo ramming sear and TCSS3, were also shown to be
noisy. Independently, all G.A.P.S.Ws, D.P.S.U. s ad rjming poar were
found to be excossive contributors to radiated noise, the G.AP.B.U. being
dtoctable at an estimtod 9000 yvxds in Sea State I (loforenoe 12).

118. Whnile in H.N.S. PORPOISE and H.M.S. GRAMPUS no specific machines were
cited, H.H.S. NARWHAL had a similar list to H.M.S. RORQUAL's. odroplanes
and torpedo control and manipulation again appeared, but T.C.S.S.3 was
omitted and a ballast pump cited. Again, these items were generally bad
from the radiated noise viewpoint.

119. In 'A' class, noisy machines included the main motors in H.M.S. ARTEIS
and the forward high-pressure air compressor in H.M.S. ASTUTE.

Turbine Machinery - ', Class Submarines

120. It has been known for some time from tactical exercises that the sub-
marines P.M.S. EXPLOER and H.M.S. EXCALIBUR, when under turbine propulsion
are excessivcly noisy from the radiated noise viewpoint. Because existing
noise-ranging facilities did not allow the level to be measured directly
when at high speed a self-noise trial was undertaken with the cause of the
high radiated noise level in mind as much as the level of self-noise alone.

21. A major difficulty is always encountered in trying to separate flow,
machinery, and cavitation noise, as the mchinery cannot be run and made to
dissipate power except by driving the vessel. This results in flow and
cavitation noise in addition, though some variation in the latter component
can be obtained by varying the depth of operation. However, certain
auxiliary machines connected with turbine propulsion can be run separately
and in order to isolate, where possible, such items as appreciable con-
tributors to total noise the sequence of running-up turbine machinery was
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followed carefully with the hydrophone trained astern. The turbine was
then clutched in, and when the vessel had gathered way, all the machinery
was stopped and a "slide" run obtained. The noise associated with each of
these steps is depicted in Pigure 2bfor a frequency bend of 2 to 3 ko/se.

122. When commencing to run on turbines three pumps concerned with cooling
and removing the steam from the condenser are started first. Those are
normally run together and while the total noise level was fairly high it in
not known which pump was largely responsible. Next the "Triple Pump" is
started, so called because the three pumps supplying fuel, H.T.P., and
water are ganged in order to keep the proportions correct. In the first
position, however, the 3-owm valve allows only H.T.P. to the catalyst ohm-
ber. The fuel and water injection being by-passed at this stage. Initially,
there is only the mechanical noise of the pump, which again is high, but
after a few seconds decomposition builds up and etcm is ejected outboard.
Subjectively, both on the sonar and when running turbines alongside for
trial, this sounds like a locomotive letting off steam. The next stage,
when the combustion chamber has reached the appropriate temperature, is to
inject the fuel and water. The fuel burns in the released oxygon producing
CO. and more steam at a very high temperature. The water injection results
in a further very much largarvolume of steam but reduces the temperatuwe.
All this steam is still ejected overside at this stage and results in a
further increase in noise of over 15 dB - now reaching a spectrum level of
1 dyne/om2 . This is entirely steam noise as the vessel is still proceeding
at only J knots on main motors. The character of the noise is similar to
previously, i.e. unpitohed; but much more intense.

123. The next step, "Steam to Turbine" reduces the flow of steam outboard
in order to run up the turbine. It will be seen that the noise dropped
considerably according to how much steam was being ejected, and the drop in
noise suggests that the turbine itself was not an unduly noisy machine,
certainly when compared to the steam noise. The turbine was then clutched
in and the vessel gathered wry until a speed of about 15 knots was attained.
There was no steam overside, but the noise of the vessel had elmost regained
the "steam overside" level. This was now apparently due to propeller and
local cavitation (the vessel was "crabbing" end intense "spitting" noises
could be hbocd under these conditions). While no steam was going overside,
9xhaust CO2 from the condenser was having to be compressed and ejected
overside and it is thought that this must also be noisy.

124. 'hen the turbine was stopped, (by stopping the triple pump) the noise
dropped sharply by over 10 dB before the vessel lost way at all or the
turbine could run down. It is thought that removing the drive from the
propeller caused this sudden drop in noise as the cavitation on the "back"
of the badly slipping propeller wnuld also stop suddenly. This manoeuvre
may on the cther hand throw some cavitation onto the normal thrust face,
but it is certain to be much less and is, in any case, better shielded from
the sonar dome. The position is complicated by the fact that the vessel
stops crabbing immedietely the drive is removed and so local cavitation is
also reduced; moreover, the quantity of CO a "overside" is reduced quickly.

125. Instantaneous log readings of speed were taken as the vessel lost way
until the speed dropped to 4 knots, when the noise level was consistent with
that obtained when deep under motors. In fact, the noise at all speeds when
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gliding was consistent with flow noise in the pasing of a fairly modern
submarine.

126. While some of the turbine maohinery, particularly the triple pumpp
is undoubtedly noisy, the noise output does not oompare with the non-
machinery sources of self-noise present when underway turbining. These
other noise levels, as will be soon, are very high, though it must be
remembered that there is no experience of operating 'conventional' sub-
marines in this speed range from which a so-called "reasonable" noise
level could be estimated.

Underway Runs

127. Because time was not allowed for independent running for self-noise
measurements in more open and deeper water all runs had to be carried out
at the same time as the noise ranging in Loch Fyne. Hence no very deep
runs at high spe,3d could be included. Thus in older submarines, speeds
up to 9 knots were employed and in the later ones speeds up to 17 knots at
shallower depths only. It is unfortunate that these high-speed runs deep
could not be carried out as it is at high speed that the greatest change
in noise with change in operating depth is expected. The auxiliary
machinery operated was normally confined to Group I, though on some
occ ,sions some even of the Group I machines were not required and were
therefore omitted. Considering the basic plots of noise against speed for
the different divisions of submarines, Figures 3, 4 and 5 are arranged to
show the effect of depth at the different frequencies. It will be seen that
there is a general decrease in noise as the dpth of ope.-ation is increased
from periscope to the maximum in both topside and keelside positions. Since
there is no reason to expect a change in machinery noise with change of
depth and the evidence is that flow noise is not dependent on depth, this
noise reduction can only be due to a reduction in the propeller cavitation
component. The fact that the reduction in total self-noise with increase
in depth is generally greater in the keelside position therefore suggests
that a relatively greater proportion of total self-noise in the keelside
position is duo to propeller noise tbhn in the topside position. In
Figures 6 and 7 the different divisions of submarine have been compared for
the two tactically most important conditions; namely, the snort and deep
conditions. The snort runs are confined to PORPOISE and T Classes because
runs under the snorting condition were not part of the normal self-noise
probranme at the time most of the old vessels were ranged, and to date
only one A modernisation has snorted for self-noise runs. This was left
out of the averages as the topside dome was abaft the fin and the
oxcessivo machinery contribution would have been misleading. Under snorting
conditions the Adiralty Noise Target Level is Sea State 6 for frequencies
between 1 and 10 ko/s. This target is met at 5 and 10 kc/s for both topside
and keelsido positions but in the slow snort condition only. All the fast
snort runs and the slow snort runs at the lower frequencies are considerably
above the Admiralty Noise Target Level in both topside and keelside
positions.

128. Comparing the snort runs for PORPOISE Class with the battery driven
runs for the Class as shown in Figure 5 the snorting condition is seen to
be only about 2 dB noisier, showing that the failure to meet the target
under the fast snort condition is due largely to the increase in propeller
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and not to engine noise. In faot, the same is true for the T Class wben a
similar strict comparison is made. This, however, is not directly apparent
by comparison of Figures 4, 6 and 7 because the plots of Figure 4 include
a number of A Class submarines which are quieter than T Class uder these
conditions. There are no measurements of A Class snorting to compare with
the results from battery runs, There is, however, some machinery oontri-
bution to self-noise under the snorting condition. This is particularly
noticeable in the T Conversions at I and 2& kc/s in the keelside position
where the noise is very much greater than in either the keelside position
during battery runs or in the topside position snorting; this may be due to
mechanically-oonducted noise. In the second place, while =ORPOISR Class
meet the Admiralty Noise Target at 10 kc/s, when snorting at slow speed,
speed for speed, the battory runs are considerably quieter, showing that
although the fast snort condition is not mrchinery noise dominnted, the
slow snort condition is.

129. The overall reduction that would be necessary to achieve the target is
about 10 dB for the T Convrsion and 5 dB for POtP!0ISE Class. This applies
at the higher frequencies and the amounts would be even ,reater at th lower
frequencies. The component to be tackled is the propeller noise component
at the higher snort speed and the higher frequencies, while some reduction
in mrohinery noise will be necessary to achieve the target at the lower
frequencies.

130. Comparing the different subc.rine "divisions" on batteries, deep, it
is immediately apparent that the old submarines are very noisy when at any
speed at all. This is due to old, unftired domes and casings (possibly
rattling) and to old, noisy desiVs of propeller with low cavitation
inception speeds even at depth. It is also apparent that the gap between
PORPOISE Class and the modernised submerines tends to widen as the speed is
increased. This appears to be due to quieter propellers in PORPOISE Class
and this conclusion is supported by the fact that a greater reduction in
noise is achieved by going deep in a modornised submarine than in PORPOISE
Class.

1i3. Even so, if the old search-state target of Sea State I is to be
approached at the higher speeds considerable further reduction is required
even in the quietest submarines - for instance, 15 dB at 10 knots in
PORPOISE Class. The source, when deep, appears to be largely, if not
wholly, flow noise, although reduction in propeller noise would allow
results no worse to be obteined at shallower depths.

132. Comparison of topside and keelside results at identical speeds and
frequencies in Figure 8 shows the topside set to be noisier than the keel-
side in each of the three divisions of submarines; (old, modernised, and
PORPOISE Classes) except for PORPOISE Class at the lower frequencies. For
old A, S. and T Classes the difference averages about 5 dB, increasing
slightly with depth, but largely independant of speed and froquoney, while
for the modern submarines the difference is 2 to 4 dB at 5 and 10 kc/s and
less at the lower frequencics, particularly in PORPOISE Class. This
smller difference between topside and keelside positions in modern sub-
mxines tends to confirm that old topside domes were unduly noisy. This
was, in fact, partly due to the oc.sing. Flow noise is still, however, a
rela.tively important contributor to noise in the newer vessels, and often



the major one because the propeller performance has been simultaneously

improved.

133* When assessing the t advance in noise performance it should
be borne in mind that in olrvessels the keelside set (Type 129) was
regarded as the primary set whereas now it is the topside (Type 187) on
which first attention is focused. The improvement is, therefore, repre-
sented by the difference between keelside in old submarines and topside
in new vessels and is thus, rather less than the absolute reduction
obtained in the topside position.

Comurison of PORPOISE Class with H.M.S. SCOTSWN and 11' Class

134. Special trials concerned with dome development were carried out in
H.M.S. SCOTSMAN over a period of several years. The results obtained
with an experimental stainless steel dome spheroidal in shape were used in
obtaining the smooth dome flow noise levels published in Reference 13.

135. Further trials were attempted with a dome of similar shape but
constructed of resin-bonded glass fibre. This, however, broke up during a
high-speed run, though the scanty results already obtained were broadly cm-
parable with the earlier measurements with the steel dome. Both these
trials had been conducted using a large rectangular transducer similar to
that used in Type 187. The next trials, reported in Reference 14, were of
.prototype glass fibre dome, again a body of revolution but this time for

use with existing 15-inch diameter transducers. These are the results
plotted in Figure 9. It will be seen that the levels are considerably
higher than either PORPOISE Class or the earlier H.M.S. SCOTSMAN results.
This is thought to be due to a combination of two reasons.

136. In the PORPOISE Class the dome seating is in an extreme bow position
and is therefore well away from, and reoltively insensitive to the localied
disturbed flow (and possibly rattling) of the casing of the submarine. In
all the trials with H.M.S. SCOTSMAN the dome lay much further aft and was
subject to such localised noises, though in earlier trials the transducer
used had a much higher directivity and discriminated better against such
sources well off the transducer axis. This enabled lower levels to be
obtained even after making the larger correction for directivity. Further-
more, the object of the earlier analysis was somewhat different, for,
whereas it is the aim of tlis report to give average total self-noise
levels on operational bearings, and this had bon done for the later
H.M.S. SCOTSMNA work and for tha routine trials, the most urgent requirement
at the time of the earlier H.M.S. SCOTSMAN trial was to establish a mean
level of the flow noise component and its dependence on speed and
frequency. To this end the noisier bearings were ignored as being due to
sources other than flow noise on the dome skin and the mean of quieter
bearings were plotted .s true flow noise.

137. The sonar equipment in 'E' Class employs a 15-inch diameter transducer
but in a dome intermediate in size between that normally used for Types 138/
168 and that for Type 187. It is similar in form to the 100-inch frigate
dome, and of streamlining superior to the early submarine domes. Its
location is well forward on the casing but not quite so far forward as on
the modern submarine.
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138. Prom the plots in Figure 9 it will be seen that the IZI Class on main
motors are considerably noisier than H.M.S. SCOTSMAN and therefore much
noiser than H.M.S. PORPOISE. The levels from the battery runs at shallow
depths (which are not published here) were much quieter and were comparable
with, say, a T conversion under similar conditions. This increase in noise
on going deep, which ocourred in both submarines, has not boon explained
No such anomaly was, however, apparent when under turbines, and this was the
condition on which major interest was centred. The speed obtainable
under turbines is about 18 knots, though speeds betweijiliFand 18 knots may
be obtained by running on one shaft only. Because of functioning diffi-
oulties only single-shaft running was, in fact, possible in H.M.S. EXCALIBUR
but these results confirmed closely the corresponding results from the
HOM.S. EXPLRER trial.

139. As would be expected, single-shaft runs are considerably noisier than
two-shaft runs at the same forward speed since, in the case of the single-
shaft drive, the propeller is slipping and therefore cavitating excessively
and the vessel is "crabbing" somewhat, resulting in more turbulent flow and
a greater extent of non-propeller ct-vitation. These effects would all
produce an increase in noise.

140. Levels on two shafts increased steadily with increase in speed up to
24 knots but the faster run at "I throughput" (the normal maximum power)
produced a sharp rise in self noise for a small increase in forward speed
(i* knots) and a marked increase in vibration throughout the vessel.

1410. The fall-off in noise with increasing frequency is less for one than
for two-shaft runs. This would tend to confirm the existence of a greater
extent of cavitation noise when under one-shaft drive and suggest possibly
flow or machinery noise domination over certain ranges of speed and
frequency when driven by two shafts, especially as the slope is generally
steeper than -6 dB per octave.

142. The fall-off in noise for increasing depth (which is not shown here)
is, however, also less for onm than for two-shaft runse. This would not
have been expected and has not been explained.

Comparison of PORPOISE Class. U.S.Submarines and other vessels

143. From Figure 10 it will be seen that the PORPOISE Class submarine,
within its speed range, closely approaches the lowest self-noise levels
attainable in our present state of knowledge. This is represented by the
firm line curve of "flow noise in smooth domes" which has been generally
confirmed by a number of different investigators under widely differing
conditions. A level based on three U.S.Submarines, also follows this flow--
noise line closely (Reference 15). Because of the number of results which
achieved this level and the fact that none was ever found to be below this,
it is considered up to now that a "break-through" in the manipulation of the
boundary layer and hence of the mechanism of flow noise would have to be
achieved in order to roach substantially lower levels. Certain experiements
in U.S.S. ALBACORE obtained during some noise reduction experiments
(Reference 16) appear, however, to yield results of a considerably lower
level. Either these U.S.S. ALBACORE results achieve this breakthrough or
there is some factor which has not been allowed for in prosonting the
results. It is thought that it is the latter.
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144o The technique of R.N. and U.S.N. measurements of flovi noise differs
in the following important respeot; whereas the measurements summarised
in this report have been obiained with a directional hydrophone and con-
verted to an omni-directional level as described in paragraphs 18 to 20,
the U.S.N. technique has normally been to use an omni-direotional hydro-
phone. If, now, large solid angles of the hydrophoneI a "view' are
blanked by absorbent material the sound field will no longer be isotropic
and the measured level of noise in the ouni-direotional hydrophone will be
less in proportion to the angle blanked. A directional hydrophone in the
same position trained on an unblanked bearing would initially show a still
lower level, but the correction for direotivity, which would bring the
noise up to the level expected in an omni-directional hydrophone, would
assume not only an omni-directional hydrophone, but also an isotropic sound
field. The resulting level would then be higher than the cni-direotional
measurement in the non-isotropic field, and it is thought, more nearly the
figure required since a sonar equipment of this sort is almost certain to
be directive. It seems likely then, that the U.S.S. ALBACORE results are
relatively low for this reason.

145. Below 10 or 12 knots PORPOISE Class are quieter than average R.N.
escorts (Reference 17) but the rate of increase of noise with speed seems
to be less for the escort.

146. Until a "break-through" is achieved in the reduction of flow noise,
and unless deterioration in dome, hull and propeller conditions is allowed
to occur in individual submarine, PORPOISE Class appear to be as quiet as
it is likely they can be as far as Type 187 is concerned.
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D (aB) -4 -8 -12~ -18

TABLE 2

DIX~TIVTY IDEXOP TYPE 187 ThP-AiaA

f (-70

(d.B) -12 -15
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NOIS U S IN r 186 V "A*
(a To Sol)

LK.S. AMIGA(1) .. S. A MJA(2)
TWp 186 Group UoD,3, iLR.L. !, H.U.. AUQA(3) LM tS. r-

Machine Operating Spring 1958 Sptember 198 5p~mber 1959 0otober I
Isferenoe 4 Wtornoo 5

230 rolt 0,0,(No. 1 0 - 0
maobL (No. 2 0 8

Gyro - Motor Generator - - 84

L.P. Generator - - 0 8

Mtdn motor port 0 0
oo~i~ on. tb'd 0 0 00

ooling fns~s d 
I

0,A moto (part 0 0
110 or 12o rev/in (Sth' 0 8

No. I port II

Hydrogen No,2 port 0 - - -
0arane - -

No. 2 Port + No. 1 stbId - - 18(3
(All - 12 14 20

After- (ort - - - 29
servicos stbd d - 13 1.
croulcatrs mid-line 16 16 18

f101o N. 1 18 23 32 i8Tolomotor No, 2 16 19 2217
No.3 -

O (sero) means *not above 881" or "no reduction roquire

- (dash) mocans 'no mocruwemnt'

(1) *slow or full"

(2) "110 or 150 rev/min"

(3) "All ooept forw,.rd

(4) All except No. 2 stb'd"



Z- II8 IN TTPn 186 Hi I IN "A" mow.%

(dB vs sl)

,R*Lo 1o.8. AoI A(3) H.M.S. ARTIL H.M.S. AWMON H.K.8. ALARIC H.1o8. ARM Ho1.o ALMME
LL.o

iber 1958 Shepember 19 Ootober 1959 Apr 1960 Peaay 1961 mLy 1961 Septenber 1961

0 - 0 0 0 -=- 8 - - 0 0

8 0 0 7 0

0 8 0 0 2 0

0-0 0(i 0 0
S01 0 0

0 0 0 01() 0 0
0 6 8 0 0(2 0 0

- - 7 6 11 3
- - 0 4 12 8
- - 0 4 3 2
- - 10 14 - -

-- 18(3) 1,. •5 . -
12 14 20 10 12(4) -

- 29 - 16 20 10
- 13 15 -15 1

6 18 13 14 8 11

i3 32 18 30 2 4g 13 21
19 22 17 14 i6 142

- _-3 0 2 _

s 'not abov 881" or "no rbdaotion roqufr-d"

a *no aoosurement"

rw.r-d"

2 stb°d"
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(Contd:.)

NOWS lEVES IN 1~386 I A
(dB va 881).

AH...S. AtURIGA() H...S. ATURIA(2) H.U.S. AtJMGA(3) H.M.S. ARTYU
A~ddtionml U.D.E. A.R.L. Loch Gol
Machines Bpring 1958 Soptember 1958 Soptember 959 Otober 1959

Reference 4 Reference 5o

Refricorator 19 23 17 17

(aft - for' d 1TF3 ioumr (for' U -..Oft) 1 1 02

• - f lms .-

B.2llrst rump 8 14 23 25

( port - - - 28,r consitlonln. (,tb' d -- - 26
pl,.t (both 26 29 30 -

Ships ventiltion f ans 51M 01(slow) 15 15(1) 10 12

Battery ventil-tion fens - - -

Sub-pmrcr (forld - -

(tuft -

CO2 absoorption (for' d -.
unit -Xt - - -

Sound room table fan --

Scumr2 room "'Vont Axi:"I -

400 - -______

Au:ili,.ry trim pump .

Reducer 0

Distillor 5 E'cllon . - 20 -
15 -..-.on . 27

(1) full speed1 *(2) dues tol10x 6inchtAns; 10 z3zoh reas quist
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LramsiNP 186 HAP-MMOY IN "A" cumS (Nozma ciwoi)
(dB va 881)

AURIGA(2) .SLo. ARIGA( ) HOM.S. ARTFJL H..S. MPHION H.M.8. ALARIC H..S. ASTUTE H.X.& AZ.TW'R .L. Loch CGoil
iber 1958 Soptomber 1959 0otober 1959 April 1960 Febru ary i961 July 1961 Septembe.r 1961
'gnoo 5

17 17 10 16 12 1.

19 20 12
17 10 24 14 20 11

-. . .. - - - -I - i - .i in Qi • i

14 23 25 24 - - -

-- 28 24 14 18 18
- - 26 13 14 19
!9 30 - - -

5(1) 10 12 6 7 15 6(2)

-- .14 8 --- - 1 a 8-.

- - 24 18 11 -

- 15 15 - -

- - 0 0 0 -
-- 0 C 0 0.

- 43

-- - 3 -

- 00 - i

- 0 0-

o 20 17 4- -

27 - 1- 16

inoh tans; 10 z2 3 noh fass quiet
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HaMJS. H*..o, H.M.S. H..S. HHe4 ff. X. S.
AURIGA ART1FUL A101ION ALARIC STi~i;

Total 186 W/C (Static) 12 12 4 6(1) 6 0 ( 2 )

186 Search State 160 -

Flow oontribution 10 120 )  7 8 - -

(4) '1- -..-.

Revised 86 X/C t22(5)1
(static) 25 18 1,(6) i4(7) l0(8)/21(5 )

Revised 186 s1
(underway)

d I

(1) H.C.F.'s dominato; those ware not run in other vessels at this stag.

(2) Based on measurements of individual machines only.

(3) Based on published figure; uncertain why this is not equal to the
difference between the two figures above it.

(4) Including extra machines, see text paragraph 102.

(5) No. 2 IMO Pump dominates.

(6) Kid-line circulator dominates.

(7) After -services circulator dominates.

(8) Assuming mid-line circulator and No. 3 0 are a sdded.

(9) Assuming starboard circulator is added and No. 1 110 is not/is run
(no measurement on No- 3 I0 which is usually quioter).
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"Group n H.M.8. H.L.SO H.M.8. H.e8. H.M.S.
Opi CACHALOT0, R U8 WALRUS 03RON FOBRPISM

Mchine Operati.ng Feb. 1960 Jan. 1961 Mq 1961 July 1961 8sp+.196

115V a.o. No.1 0 1 0 0 -
machine No. 2 - 5 0 - 0

Gyro wheel 0 8 0 - -
+400 o/2 m.. 0 8 0 0 0

Lp. Generator No. 1 0 0 0 0 0
No. 2 - 0 0 0 0

No. I stb°d - o 2 9
Hydrogen port - 1 t 2 10 0
clearance mid - - - 0

fans No. 2 stb'd - 0 0
port 9 0 0 0

- - - 0
All 1 10 0 10 -

Main motor (port 0 < 2 0 0 0
cooling fans (tb' d 0 < 2 0 0 0

Hovering gear-
(actuator pump only) " <2 -

A.R.L. plotting table - 3 - - -

W.R. record player < 2
(phone sets)

After services ort -0 0 icirculator ttb ° d 0 -0 0

0 (zero) means "not above 831" or "no reduction required".

- (dash) means "no measurement".

(I) Estimated from single hydrophone mer.surements (Reference 5).

(2) 230V a.c. machine.



TABLz 6 (Contd.)

(dB vs SSI)
! H.M.S. BeS. HomeS i so. H..S.

Group II iCACHALOT OPMUS WALRUS OBERON PORPOISE
Machine Operating peb. t960 Jan. 1961 May1 July 1961 SDt.19 6 t

O. i 96 aan i 96_j mt~~

E.M.R. "Vent Axia" - <3 - - -

W.R. "VentiAxia" , - <3 - - -

Sound Room an - 5 0 - 0

Main Refrigerator 8 < 3 0 0 0

Domestic Regrigerator - < 3 0 - 0(1 )

,00c /s 205V (No. 1 - 0 0 - -
machine (No. 2 - 0 0 - 0

L.T.M.C.8 - 0 - - -

Additional
Machines

Steering - 6 - - -

Hovering gear (off loa - - 0 -

(pumping - 15 - 6 -

Telemotor (IFO No. 1 22 9 10 3 6
pumps IMO No. 2 - 8 I4 6 11

Mibo No. 3 - - (2) -
(N.E.R.L.pump - 14 4. --

MoTaggart-Scott pump 14 - - 14

C.P. Generator No. I - 12 - 0
No. 2 - 13 - 0 0

W.R. heater I - <3 - - -

o10 in x 6 in No1 9(3) 5 0 0 0
2as"" 3 0 0 0

1ans 10in x 3 in No.1 (3) 3 0 0 0
No.2 3 6 0 0 -

Both 10 in x6 in + - -.

both 10 in x 3 in

Pans 10 in X 3 in radarl

exhust 0
galley exhaust 0 I " "

(1) 'either'.

(2) "fitted with flexible piping".

(3) "ships ventilating fans".



36.

Additionul HI.Be Hu- . eM 757 HK*Se He.B
lmcines CACHALOT ORPHES WALRUS OURON PORPOIS

Feb. 1960 Jan. 1961 may i961 July 1961 Sept.t9l

Air conditioning(No.1 2 6 0 0 0
plant (No 6 o 6 0

I- •

00 kw generator No.1 - - 0 - -
No. - - 0 - -

Trim pump (forld aft 14 "- 4
(aft forld ) - - - 0

Ballast pump 10 .-

500 o/o motor No.l -. 0
generator No. -... 0

Sub-pressure Noe1 - - - 0 0
puMp No. - - - 0 0

Distiller No.1 - - - 0 0
No. - - - 0 0

180V matchine No.l - - - 0 -
No.2 - - - 0 -

C02 absorption 1o' - - - 0 0unit aft - - - 0 0

Battery cooling No.1 - - - 7 16

puMp No.2 - - - 5 16

,oid agitation - - - 0 3

Battery venti- No.1 - - - 7/1 ) 1
lation fan(slow) No.2 - - - 0/8 1

"Ann - - . /,-/1

Lub. oil 0
pring pump

Engine turning (tbi "0
gear (port - - - , -

Crypto machine - - 0 0

() "Group up".



SCRET DI 37.

H.M.S. H.M.S. H.M.S. I H°I°8° H.U.S.
CACALOT ORPHEUS WALRUS OBERON PORPOISE

Group I (Static) 0 14 3 0/ 9 (1 )  0727

Group I (Underway)(3) 8 14 5 5 O(2)

Group II (Static) 8 .20 9 2/9 ( l )  IW

Group II (Underway) 11 20 1. 5/9(0 ) j 1 ( )

(1) 9 dB reduotion required when all H.C.F.'s run; No. 2 set could be

run without interference

(2) excluding H.C.F.'s.

(3) 50 rev/min both shafts.

(4+) excluding (Main and domestic refrigerators (though not noisy)
(A.T.M.C.8 not measured)

but including some H.C.F.'s.

NOTE:

H.M.S. OM.0N and H.M.S. PORPOISE up to 95 rev/min both (and
H.M.S. PORPOISE 110 starboard) with no increase in noise.

SECRr, DISCREW
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